The renin-angiotensin-aldosterone system and electrolyte levels in 11 patients with heartfailure controlled on digoxin and frusemide were investigated after separate periods of Slow K, spironolactone, and amiloride therapy. When spironolactone or amiloride replaced Slow K, distinct parallel increments in the levels of renin, angiotensin II, and aldosterone resulted. Though plasma potassium was generally higher after spironolactone and amiloride than after Slow K, exchangeable potassium was similar with the three regimens. There was no significant relation between plasma potassium and concurrent exchangeable potassium.
was no significant relation between plasma potassium and concurrent exchangeable potassium.
Total body potassium tends to be low in patients with cardiac failure (Singh, Hurley, and North, 1969; White et al., 1969) , and hypokalaemia is a frequent complication of conventional diuretic therapy in these patients (Sandoe and Olesen, 1962) . Supplements of potassium are, therefore, advocated but doubt remains as to their efficacy (Down et al., 1972) . More recently, other potassium-sparing agents, such as spironolactone and amiloride have been promoted as means of conserving potassium, but these drugs have not yet been proved clearly superior in increasing body potassium. One reason for this could be the development of hyperaldosteronism, since in addition to any effect on plasma potassium concentration both amiloride and spironolactone are natriuretic and may further increase aldosterone secretion by augmenting renin and angiotensin production.
These relations have been explored in the present study in which the comparative effects of spironolactone, amiloride, and potassium supplements on the renin-angiotensin-aldosterone system have been studied together with changes in plasma, urine, and exchangeable potassium in 11 patients receiving maintenance diuretic therapy for congestive cardiac failure.
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Methods Eleven patients, ages 33 to 73 years, were studied (Table) after obtaining informed consent. All had previously been treated for congestive heart failure with conventional glycoside and diuretic treatment and were free from oedema at the time of admission to the study. After discharge from hospital, all but 2 patients received potassium supplements in the form of Slow K for at least 4 weeks (range 4 weeks to 3 years). The patients continued to take digoxin (0-0625 to 0'75 mg daily in different patients) and frusemide (40 to 160 mg/d) at a constant dose, chosen by clinical criteria, for the duration of the study. Spironolactone or amiloride were substituted for Slow K at intervals of 2 months in each patient. In 4 patients amiloride was given first followed by spironolactone while in 5, spironolactone treatment preceded amiloride (see Table) . Two patients (Cases 1 and 3) received treatment with only one potassium-sparing diuretic (spironolactone). Doses of potassium supplements (24 to 48 mmol/day), amiloride (10 to 15 mg/day), and spironolactone (100 mg/day) were chosen on clinical grounds and were held constant in any one patient for each treatment period. These details together with other essential drug therapy taken by the patients throughout the study are listed in the Table. After each treatment period, the patient was admitted to hospital for 26 hours and measurements (Haber et al., 1969) , angiotensin II (AII) (Nicholls and Espiner, 1975) , aldosterone (Ito et al., 1972) , and sodium and potassium. Simultaneous samples for cortisol determination (Murphy, 1967) were drawn in 8 of the 11 patients. Twenty-four-hour urinary electrolytes, creatinine and aldosterone (Bayard et al., 1970 ) excretion were measured in urines collected on the day before, as well as on the day of hospital admission. In addition, full clinical assessment of cardiac status, chest x-ray, electrocardiogram, and measurements of creatinine clearance were carried out at the completion of each treatment period. For the determination of exchangeable potassium (KE) a precisely measured quantity (approximately 100 ,uCi) of 42K was given orally and the KE was calculated (Belcher and Vetter, 1971 ) from specific activity determined in a urine sample obtained 24 to 25 hours after the isotope's administration. Plasma volume was determined using 125I-labelled albumin. Normal values in this laboratory for subjects on unrestricted diets are as follows: 9 a.m. ambulant PRA 0-46 to 2-31 nmol/l per hr (600 to 3000 pg/ml per hr), AII 19 to 79 pmol/l (20 to 83 pg/ml), and plasma aldosterone 0-14 to 0-56 nmol/l (5 to 20 ng/l00 ml); plasma cortisol 0 14 to ,umol/l (5 to 30 ,ug/100 ml); urine aldosterone excretion 13-9 to 50 nmol/d (5 to 18 pLg/d). During the study, the patients were on an unrestricted diet which was not altered during the hospital admission. Each patient's electrolyte intake was assessed at least once during the study by a dietitian.
Statistical analyses (correlation coefficients and paired t-tests) were made using a Hewlett-Packard 9810A calculator.
Results

General
General health and cardiac status of all patients remained unchanged throughout the study period except in Case 9 who developed an exacerbation of cardiac failure while receiving spironolactone and in Case 1 who died suddenly shortly after starting amiloride. One patient (Case 3) withdrew from the study because he considered his health optimal on spironolactone.
Body weight was lower after spironolactone (mean fall 1P4 kg) and amiloride (mean fall 1-3 kg) compared to body weight measured after potassium supplements, but the differences were not significant (P >0 5). Plasma creatinine and creatinine clearance were not significantly altered by any of the treatment regimens. Plasma urea, however, was higher after spironolactone (mean 47 ±4-1 SEM mg/100 ml) Renin-angiotensin-aldosterone system PRA, AII, and plasma aldosterone levels were mostly within normal lirrits after Slow K therapy, but were clearly increased by amiloride and spironolactone (Fig. 1) . Proportionate changes in PRA, AII, and plasma aldosterone were seen within each treatment group. For all three hormones, the 9 a.m. upright value was significantly higher after the potassium-sparing diuretics than that seen after Slow K therapy (P < 0-01). The 9 a.m. upright PRA and AII values after treatment with spironolactone were significantly higher (P < 0-05 and P < 0-01, respectively) than those measured after amiloride, but the difference in plasma aldosterone failed to attain significance. That the lower hormone values after Slow K therapy were not dependent on the order of drug regimen used is shown by the similarity of findings in Cases 10 and 11 in whom Slow K therapy was the final treatment administered. Further, as shown in Fig. 2 Electrolyte levels Changes in plasma potassium and sodium concentration, urine sodium/potassium ratio, and exchangeable potassium are shown for each of the 3 treatment periods in Fig. 3 . Compared with levels after Slow K therapy, plasma potassium was higher after spironolactone (P < 0-05) but the increments seen after amiloride failed to achieve significance (P >02). Plasma sodium fell after spironolactone (P < 0025) and both spironolactone and amiloride caused an appreciable increase in the urine Na/K ratio (P < 0-05), in comparison with Slow K therapy. Despite these changes in the urine Na/K ratio and in plasma potassium, no significant change in KE was seen after treatment with either amiloride or spironolactone. Values for KE were usually within the reported normal range (Flear et al., 1966) group.bmj.com on July 8, 2017 -Published by http://heart.bmj.com/ Downloaded from 3X3 ±0-2 SEM litres) (P >0 4). No relation between plasma volume and either PRA-AII concentrations (determined on the same day), or the dosage of frusemide, was found in this study.
Discussion
These results show that significant hyperaldosteronism occurs in patients with heart failure when potassium-sparing diuretic drugs are added to conventional drug therapy. Hormone levels were unremarkable before the addition of amiloride or spironolactone despite doses of frusemide up to 160 mg daily. Since previous studies (Espiner et al., 1969; Nicholls et al., 1974) have shown that hyperaldosteronism frequently occurs towards the end of the diuretic phase in oedematous patients receiving frusemide, it appears that 'adaptation' of the reninangiotensin system may occur with maintenance frusemide therapy, similar to that described in hypertensive patients receiving chronic diuretic therapy (Bourgoignie, Catanzaro, and Perry, 1968) .
Throughout the study, a close relation was observed between PRA and AII, and both of these indices were significantly correlated with plasma and urine aldosterone. While the increment in plasma potassium may also have contributed to aldosterone hypersecretion during spironolactone therapy, this was not likely after amiloride which at the doses used did not significantly raise plasma potassium.
From the cortisol data, ACTH did not dictate the observed aldosterone fluctuations. These findings, therefore, are consistent with a dominant role for AII in the control of aldosterone in patients treated with diuretics. Hitherto increases in plasma AII have been regarded important only in so far as they affect aldosterone and electrolyte metabolism. The recent demonstration that AII may contribute to myocardial necrosis in experimental animals (Gavras et al., 1975) brings an additional note of caution, particularly in view of the very high levels of AII produced in some of our patients who had impaired myocardial function.
Whether the raised levels of renin, AII, and aldosterone would be sustained after more prolonged treatment with amiloride or spironolactone, cannot be confidently predicted from the current work. Nevertheless, the fact that the hormone levels were clearly increased after concurrent two-month periods of treatment with these 2 agents supports a long-term stimulatory effect of amiloride and spironolactone on the renin-angiotensin-aldosterone system.
Although clear-cut increases in the urine sodium/ potassium ratio after both amiloride and spironolactone and in plasma potassium after spironolactone were seen in our patients, there was no significant alteration in KE. The expression of KE in terms of body weight or height did not alter this conclusion. Previous studies in heart failure patients, though showing an improvement in plasma potassium in most cases (Friis, 1972; Croxson, Neutze, and John, 1972; Davidson and Gillebrand, 1973; Carney, Wilson, and Morgan, 1974) , have variously reported increases (Friis, 1972; Carney et al., 1974) , or no change (Croxson et al., 1972; Davidson and Gillebrand, 1973) in KE during therapy with potassium-sparing diuretics. It is possible that more prolonged therapy might shown increases in KE, but this is not supported by our study when comparison was made between KE before and after two successive two-month potassium-sparing drug treatments. The development of hyperaldosteronism may possibly limit potassium conservation in amiloride-treated patients, but this seems unlikely with spironolactone where the drug competes with aldosterone at the receptor site-as indicated by the sustained increase in both plasma potassium and in the urine sodium/potassium ratios observed in our patients. In common with other studies (Croxson et al., 1972; Flear, Cooke, and Quinton, 1957; De Deuxchaisnes et al., 1961) , there was no correlation of plasma potassium with KFE. However, a significant correlation of mean KE was found with the estimated dietary potassium intake. Details of the influence of plasma potassium concentration and of total body potassium upon myocardial function and on the risk of complications from digitalis therapy in heart failure patients remain to be clarified.
In conclusion, the addition of conventional doses of spironolactone or amiloride to diuretic treatment in patients with congestive heart failure did not alter KE but induced significant hyperaldosteronism. Aldosterone hypersecretion was more significantly related to hyper-reninism than to potassium retention. 
